Recent molecular
studies on autism and related disorders have supported a multilocus etiology for the disease spectrum. To maximize genetic and cultural homogeneity, we have focused our molecular studies to families originating from a subisolate of Central Finland. Genealogical studies enabled the identification of a megapedigree comprising of 12 core families with autism and Asperger syndrome (AS). We analyzed two chromosomal regions on Iq and 3q showing highest lod scores in our genome-wide scan, as well as the AUTS1 locus on chromosome 7q. For markers on 3q25-27, more significant association was observed in families from subisolate compared to families from the rest of Finland. In contrast, no clear evidence for association on AUTS1 locus was obtained. The wide interval showing association, in particular, on chromosome 3q suggests a locus for autism spectrum of disorders on this chromosomal region. Molecular Psychiatry (2003) 8, 879-884. doi:10.1038/ sj.mp. 4001299 Infantile autism (MM 209850) is a neuropsychiatric disorder characterized by early onset abnormalities in language development, restricted interests and activities, and severe disabilities in social interaction and communication. 1, 2 It is well recognized that autism has an organic background often associated with epilepsy and mental retardation. 3 Evidences from family and twin studies show that heritability of autism is among the highest for any psychiatric disorder: reported concordance rates for monozygotic and dizygotic twins vary between 60-90 and 0-30%, respectively. [4] [5] [6] Asperger syndrome (AS) belongs to autism spectrum of disorders with a milder clinical presentation. AS also has a significant genetic component and several studies have indicated that these milder features segregate in the families with infantile autism. 1, 7 The genetic mapping of autism loci has been hampered by the probable involvement of multiple genes of varying influence. 8, 9 To date, nine genome scans have been performed in families originating from different Caucasian populations with lod scores 41.0 reported for nearly all chromosomes. 1, [10] [11] [12] [13] [14] [15] [16] [17] We recently performed a genome screen in 38 multiplex Finnish families with a broad phenotype with autism, AS and developmental dysphasia. Noteworthy, a total of 51% of the ancestors of these families originated from Central Finland, 1 suggesting some regional clustering of families in this subisolate. We identified a major susceptibility locus was on 3q25-27 with a maximum parametric multipoint lod score (MLS) of 4.81 at D3S3037 for families with autism and AS, and the second best locus on chromosome 1 with MLS of 2.63 at D1S1653 for families with autism only. 1 The linkage finding was further supported by the detection of a suggestive association (Po0.05) in transmission disequilibrium test (TDT) analysis with adjacent markers, D3S3699 and D3S3730 (Table 1a) . Also, a P-value of 0.008 was obtained for D3S3037 in families with autism and AS originating from Central Finland.
To maximize the genetic homogeneity and to minimize the effect of confounding factors, we collected a total of 31 core families with 48 affected individuals (37 patients with infantile autism and 11 patients with AS) with at least one grandparent originating from a regional subisolate of Central Finland. Autism was segregating in 23 families and AS with or without autism in eight families. Of these, 24 families were included in our genome scan and seven families are new. 1 To trace for common ancestors of these families, genealogical studies were performed using church parish records (birth registers). 18 The studies extending to the 18th century helped to establish a megapedigree constituting of 12 core families with a total of 24 affected family members ( Figure 1 ). The connections between families 37, 38 and 59 have been previously published. 1 In all, 11 core families with 14 affected individuals were available for analyses. Interestingly, ancestors of eight families originated from the same small farm in a village of Rautalampi, whose first immigrants arrived in the 1540s. The ancestors of the remaining four families have lived at a distance of less than 100 km from this core area.
In order to distinguish whether different endophenotypes were detected in this megafamily, the clinical diagnosis was carefully reassessed by one of the authors (RA). No distinct features in the patients' clinical phenotype were identified.
To explore whether common predisposing alleles IBD were present in the families originating from Central Finland, we analyzed a total of 42 markers on the previously identified susceptibility loci on 1q and 3q 1 as well as on the recently reported AUTS1 locus on 7q. 2 Four siblings with dysphasia, as well as all the parents were treated as unknown in the analyses. All parents were genotyped, except for one family in which both parents and two other families in which one parent were not available. Association on chromosome 3q25-27 in families with autism spectrum disorders M Auranen et al
On chromosome 3q25-27, a total of 14 microsatellite markers covering B30 cM were analyzed. In 23 families with autism, statistically significant results (Po0.05) with allele-sharing statistics were observed on a 9 cM region extending from markers D3S2421 to D3S3583 (Table 1b) . Best findings on this region were detected for D3S3037 with P-values of 0.016 and 0.0151 for TDT analysis and pseudomarker analysis using recessive model of inheritance, respectively (Table 1a and b). This finding was supported by the result obtained from the gamete competition analysis with D3S3037 (P ¼ 0.0261) and D3S3699 (P ¼ 0.0325) located 1.4 cM apart (Table 1a) . In 31 families with autism and AS, the region with statistically significant linkage extended some 20 cM covering the markers D3S1556 to D3S2436 using allele-sharing statistics (Table 1c) . For markers D3S3715 and D3S3037, significant P-values were observed with gamete competition, TDT and pseudomarker analyses (Table 1a and c). In families representing whole Finland, no association was detected with these markers, although they revealed the linkage in our genome-wide scan (Table 1a) .
For chromosome 1q, a total of 18 microsatellite markers covering B30 cM were studied. In allelesharing statistics linkage was detected over an 8 cM region with markers D1S498 and D1S1653. In 23 autism families originating from the subisolate, the best results were obtained for marker D1S2771 (Table  2a) . Analyses with gamete competition, TDT and pseudomarker analysis using dominant inheritance showed concordant results with this marker (P ¼ 0.0083, 0.009 and 0.0403, respectively). In 31 families with autism and AS, some evidence for association was also observed with D1S2771; however, the strongest association was observed 2 cM distally at D1S2705 with P ¼ 0.0007, 0.0003 and 0.0029 in gamete competition, TDT and pseudomarker analysis using dominant inheritance, respectively (Table 2b) . These results are comparable to the results obtained with families from whole Finland. 1 On AUTS1 locus on 7q, altogether 10 markers were analyzed. A weak association was detected in families with autism with D7S480 in TDT analysis (P ¼ 0.025) and with D7S1804 in the pseudomarker analysis using recessive inheritance (P ¼ 0.0044) (Table 3a) . In families with autism and AS, linkage was detected with three markers covering a 4 cM region in allelesharing statistics, and with marker D7S1804 in the pseudomarker analysis. Our studies in the genomewide scan did not show significant evidence for linkage on this region. 1 We have previously studied the extent of LD between loci in randomly ascertained sample of individuals originating from the late settlement populations of Finland. Significant LD was found to cover maximally 2-3 cM with most of the marker pairs. 18 The population of Rautalampi is characterized by a relatively small founder population, which has expanded to 4100 inhabitants of today. It belongs to the late settlement region of Finland, inhabited by an internal migration movement in the 16th century. 19 Most probably, a highly restricted number of genes that influence susceptibility to autism worldwide has been introduced into this population some 460 years ago, and became locally enriched. Interestingly, another complex disorder, hereditary nonpolypotic colon cancer (HNPCC) is also enriched in Rautalampi and results from one major mutation of the MLH1 gene that was found to be responsible for 450% of HNPCC in the Finnish population. 20, 21 To further narrow down the region on chromosome 3q25-27, more families from Central Finland are being collected for allele and haplotype association analysis.
Methods
Thorough clinical and medical examinations were performed by experienced child neurologists or paediatricians using the Childhood Autism Rating Association on chromosome 3q25-27 in families with autism spectrum disorders M Auranen et al Scale (CARS), Asperger Syndrome Screening Questionnaire (ASSQ), and Asperger's Syndrome Diagnostic Interview (ASDI) 22 as screening instruments. Diagnoses were assessed according to the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV, 4th edn) or ICD-10 criteria. 23 For genealogical studies, we studied the church parish records (birth registers) and the registers in the National Archives of Finland in order to identify putative common ancestors for the study families. 18 DNA was extracted from EDTA blood according to standard procedures. 24 PCR reactions and the subsequent analyses were performed as described elsewhere. 1 The markers were selected from the maps of The Center for Medical Genetics (http://research. marshfieldclinic.org/genetics/) and the Genetic Location Database (http://cedar.genetics.soton.ac.uk/public_html/ldb.html). The genotypes were assigned by two independent individuals. For each marker, the allele frequencies were calculated using the pedigree data itself. For genotype error elimination, the PEDCHECK, MENDEL and SIMWALK2.81 programs were utilized. 25, 27 Association analysis was performed as described elsewhere, 1 by calculating the P-values for TDT using Mendel 4.0. 28 Gamete-competition analysis, 29 Association on chromosome 3q25-27 in families with autism spectrum disorders M Auranen et al as implemented in MENDEL 4.0, 28 was used to estimate the degree of apparent bias in transmission of alleles of the markers on chromosomes 1, 7 and 3q to the affected offspring. A model-free lod score analysis in which haplotype frequencies were treated as a nuisance parameter was performed with PSEU-DOMARKER, 30 which uses modified version of ILINK of the FASTLINK4.1P package (Alejandro Schäffer, personal communication). 31, 33 The allele sharing statistics were calculated using MENDEL 4.0, the NPL option. 28, 34 Association on chromosome 3q25-27 in families with autism spectrum disorders M Auranen et al
